Thyroid auto-proteolytic activity in rats increased significantly only after several weeks of treatment with 1 mg iodide per day. Iodide added in vitro did not activate thyroid auto-proteolysis, nor was inhibition observed. Thyroid proteolytic activity was also tested using 131I-labelled heat-inactivated thyroid homogenate from control rats as substrate. Significantly increased proteolytic activity was again demonstrated in thyroid glands from rats on excess iodide for several weeks. The increased proteolytic activity is therefore probably not due to a decreased proteolytic resistance of thyroglobulin in the iodide-treated rats. Increased synthesis or decreased degradation of thyroid proteolytic enzymes is a more likely explanation for this phenomenon. These findings are at variance with those of some previous studies showing decreased proteolytic activity in thyroid glands from rats administered excess iodide. Since the rats remained euthyroid the increased auto-proteolysis, which occurred quite late, was considered an unexpected finding and it is at present not certain whether this is related to the successful adaptation. Treatment with iodide did not alter the thyroid and hypophyseal weight or histology. Serum free thyroxine level and thyrotrophin concentration were also unaffected by excess iodide. The adaptation of the intact rat thyroid to prolonged and excess iodide intake seems to occur without the assistance of an altered thyrotrophin secretion.
Large amounts of iodide have only a transient inhibitory effect on thyroid organic binding of iodide in rats (Wolff-Chaikoff effect) and prolonged feeding with excess iodide is therefore not harmful: neither goitre nor thyroid dysfunction occur in rats (for a review see Wolff 1969 ). The precise mechanism of escape from or adaptation to this inhibition of thyroid hormone synthesis is not known. Excess iodide does not affect the secretion of thyroid hormone in the intact rat (Nagataki et al. 1970) , although both inhibition (Takeuchi et al. 1970; Pisarev & Altschuler 1973) and stimulation (Itikawa & Kawada 1974) of thyroid proteolytic activity with large doses of iodide have been reported. These conflicting results stimulated us to investigate thyroid proteolytic activity after long-term feeding of excess iodide to rats as a means of understanding the mechanism of adaptation.
Earlier studies seem to indicate that an altered TSH secretion is not needed for the process of adaptation to excess iodide (Braverman & Ingbar 1963 ; Abbassi & McKenzie 1967; Liewendahl et al. 1972) . However Histology.
For histological examinations 2-3 thyroid lobes from each group of rats were fixed in Bouin's solution and stained with haematoxylin-eosin. Fixation in the Bouin-Hollande-sublimate solution was used for light microscopy of the pituitary TSH cells which were stained by the immunohistochemical method using peroxidase labelled antibodies (Tougard et al. 1973 ).
Thyroid proteolytic activity.
-
The method used to study the auto-proteolytic ac¬ tivity of the thyroid was adopted from Alpers et al. (1955) . The thyroid glands were removed 4, 8, 24, 48 or 72 h after an intraperitoneal injection of carrier-free Na'311, 5-10 /«Ci for control rats and 25-50 //Ci for iodide-treated rats. Thyroid lobes from 4-5 rats from each group were homogenized in 0.2 mol/1 sodium acetate buffer, pH 3.6, using 50 mg thyroid tissue per 1 ml buffer. After re-adjustment of pH to 3.6 the homogenate was divided into 3 samples of equal size and incubated for 24 h at 37°C.
Aliquots of the hydrolysate were analysed by ascending one-dimensional paper chromatography in two solvent systems (Jovanovic et al. 1965 ): n-butanol-ethanol-ammonia (0.5 mol/1) (5:1:2 v/v/v) and collidine-ammonia (3 mol/1) (100:37 v/v). The strip was cut into 1 cm pieces and counted for radioactivity. The The results were expressed in mg/1 using the rat-TSH-RP-1 standard provided by the NIAMDD.
RESULTS
No significant differences in the mean thyroid and body weights between iodide-treated and control rats were observed, although the mean thyroid weight per 100 g body weight was slightly higher in rats given excess iodide. The histological structure of the thyroid gland from both iodide-treated and control animals was similar. In rats on excess iodide thyroid 24 h radioiodine uptake was very low. It was at its minimum after 8 weeks of iodide treatment (°/o of injected dose expressed as mean ± sem: iodide group 0.18 ± 0.06 and controls 7.98 ± 0.53) and later recovered somewhat (after 28 weeks of iodide treatment: iodide group 0.53 ± 0.10 and controls 10.4 ± 1.5).
There were no differences between the average hypophyseal weights of iodide-treated and control rats, or when calculated as mg per 100 g body weight. An estimation of the number and appearance of the pituitary TSH cells with the immunohistological method using peroxidase labelled antibodies did not show any differences between control and iodide-treated rats.
A significant increase in thyroid auto-proteolytic activity of 26 to 37°/o was observed in rats given excess iodide for 14 or more weeks (Tables 1 and 2 ). In rats given iodide for equal time periods the results on auto-proteolysis were similar regardless of the time of pre-labelling (4 to 72 h) the thyroid glands with 131I. Auto-proteolytic activity of control and iodide-treated thyroid glands was not altered by addition in vitro of potassium iodide in concentrations of 1 to 10 mmol/1 (Table 2 ). In the experiments with 131I-labelled thyroid homo¬ genate as substrate for measuring thyroid proteolytic activity, a 17 to 25°/o significant increase was again observed after prolonged exposure to iodide (Table 3 ). The increase in proteolytic activity occurred at the time of a partially recovered thyroid radioiodine uptake.
The mean CT4I values in the iodide group did not differ significantly from those of the controls at any time interval studied (Fig. 1) . The mean TSH concentrations were slightly higher in the iodine-treated rats than in the controls, but no significant differences were recorded (Fig. 1) (1973) iodide in vitro had no effect on thyroid acid protease activity, except at very high concentrations, which activated the enzyme. The auto-proteolytic system used by us was not signi¬ ficantly affected by high or low concentrations of iodide in vivo. Nor did iodide in vitro inhibit or further stimulate the increased auto-proteolysis in¬ duced by treatment with iodide. A direct stimulating effect of iodide on thyroid proteolytic enzyme does therefore not explain the increased autoproteolysis observed.
Kobayashi 8c Greer (1975) reported results indicating that in the rat thyroid there are at least two types of iodinated thyroglobulin: one highly iodinated that is more resistant to digestion and which has a slow turnover rate, and another poorly iodinated one that is more easily hydrolysed and has a more rapid turnover rate. Differences in the time interval between the injection of radioiodine and removal of the thyroid gland could therefore influence the results of studies on auto-proteolysis. However, we did not observe any significant differences in thyroid auto-proteolysis when the pre-labelling time of iodoproteins was varied, possibly because the long-term feeding with large amounts of iodide can be assumed to have minimized the relative amount of any poorly iodinated thyroglobulin component.
Providing the iodide-adapted thyroid contains predominantly highly iodi¬ nated thyroglobulin of increased proteolytic resistance the normal secretion of thyroid hormone could be maintained due to stimulated thyroid proteo¬ lytic activity. However, under such circumstances one would expect to find an unaltered thyroid auto-proteolytic activity, because the increased proteo¬ lytic resistance of thyroglobulin would presumably be in balance with the in¬ creased proteolytic activity. The increased auto-proteolytic activity is there¬ fore considered to be an unexpected finding. It must, however, be recognized that iodide treatment might alter the distribution of thyroid iodoproteins thus making the interpretation of the present data difficult.
The increased proteolytic activity also found in iodide-treated rats when using thyroid homogenate from rats on a moderately low iodine diet as sub¬ strate, indicates that the increased auto-proteolysis is not due to decreased proteolytic resistance of the iodoproteins. Nor was an increase in proteolytic resistance of thyroglobulin from iodide-treated rats found by Ohtake et al. (1973) when testing with exogenous protease. Taken together these results provide evidence that administration of excess iodide does not affect the proteolytic stability of rat thyroglobulin (compared with rats on a moderately low iodine diet). Hence an increased synthesis or a decreased degradation rate of thyroid proteolytic enzyme is a more likely explanation for the observed increase in thyroid auto-proteolysis.
The increased proteolytic activity in iodide-treated rats could result in an accelerated turnover of thyroglobulin. Since the thyroid hormone secretion remained normal as judged from the unaltered free thyroxine level there should, under such circumstances, exist a mechanism capable of handling an increased intrathyroidal production of iodo-amino acids. Thus the decreased re-utilization of iodide derived from intra-thyroidal deiodination in iodide-treated rats suggested by Nagalaki et al. (1970) could be related to such a mechanism.
The escape from the iodide-induced block of thyroid hormone synthesis begins already after 1-2 days in rats (Wolff 1969) . We found no increase in thyroid proteolytic activity after three days of iodide treatment: it took many weeks before a significant increase in proteolytic activity was observed. In¬ creased proteolytic activity is therefore evidently not of importance for the acute escape mechanism, although it might be involved in the successful longterm adaptation to excess iodide. However, increased proteolysis was observed only after a comparatively long period of iodide treatment and it is at present not certain if this is related to the functional adaptation of the rat thyroid gland.
There were no indications of metabolic disturbance during the administra¬ tion of excess iodide, and earlier observations that iodide is neither goitrogenic nor does it induce thyroid dysfunction in rats has thus been confirmed (Gallon 8c Pitt-Rivers 1959; Liewendahl et al. 1972 ).
Braverman 8c Ingbar (1963) found that both intact and hypophysectomized rats were able of adapting to excess iodide. Bioassay and radio-immunoassay of serum TSH showed no significant alterations in the intact rats on chronic iodide intake (Liewendahl et al. 1972 ). The radio-immunoassay in this earlier study was based on the cross-reaction of rat and bovine TSH. 
